A part from echolocation and the pursuit of prey by bats 1 , the function of ultrasound in animal communication is poorly understood 2 . This is mainly because of the broad range of responses that it can evoke and the widely varied contexts in which it is used (for example, in rodents of the Muridae family it may indicate distress in infants or a sexual or predatory encounter in adults) 3 . Here we find that a purely ultrasonic signal is produced in the wild by a rodent of the Sciuridae family, Richardson's ground squirrel, and show that its function is to warn conspecifics of impending danger. To our knowledge, ultrasonic alarm calls have not previously been detected in any animal group, despite their twin advantages of being highly directional and inaudible to key predators.
Ground-dwelling squirrels produce audible (8 kHz) alarm vocalizations to warn others of danger. The call recipients benefit from improved detection of predators, and callers benefit through kin selection 4 . We studied alarm communication among Richardson's ground squirrels (Spermophilus richardsonii; Fig. 1 ) and noticed that whereas the motor behaviour of some of these animals (10 of 181 individuals exposed to a model predator 5 ) was consistent with alarm calling, they produced only faint sounds of rushing air. These 'whisper' calls, which we observed in all our study populations, contain pure ultrasonic frequencies of around 50 kHz ( Fig. 2a ) and so constitute a previously undescribed vocalization by Richardson's ground squirrels 6 . We recorded whisper calls from 15 free-living squirrels (for methods, see supplementary information). The mean (Ǆs.e.m.) sound-pressure level of calls was 66.8Ǆ2.1 decibels at a mean (Ǆs.e.m.) distance from the squirrel of 0.49Ǆ0.02 m. The mean (Ǆs.e.m.) duration and dominant frequency of the primary syllable were 225Ǆ8 ms and 48.0Ǆ2.3 kHz, respectively (for details,see supplementary information).
We investigated call function by broadcasting whisper calls and three control calls (these were background noise, a pure tone that matched the whisper call's dominant frequency and an audible call) to recipient free-living squirrels at a site that was 60 km from the recording site. Receiver vigilance was scored (for methods, see supplementary information) and compared among treatments. It was found that the animals spent significantly more of their time on vigilant behaviour in response to the whisper calls and audible control than in response to background noise (Fig. 2b) ; however, responses to whisper calls were qualitatively different from responses to audible signals. The increased vigilance recorded in response to the pure-tone control (Fig. 2b) was not significantly different from that produced in response to whisper calls.
These results indicate that the function of whisper calls is to warn nearby conspecifics of potential danger and that the dominant ultrasonic frequency is important. Audible calls evoked a more pronounced response than whisper calls, suggesting that whisper calls either convey less urgency than audible calls or that respondents react less conspicuously.
In addition to being inaudible to many rodent predators 3 , ultrasound (frequency above 15 kHz) differs from audible sound in that it attenuates rapidly and is highly directional 7 . These apparent limitations as a warning signal may allow callers selectively to warn 8 philopatric kin 4 while remaining undetected by predators outside the signal's active space.
The attenuation and directional propagation of whisper calls need to be tested to determine whether they enable callers to remain cryptic and whether squirrels selectively beam calls to specific receivers. But selection is likely to favour the deployment of whisper calls under particular circumstances, such as those described here. These vocalizations function as a warning of approaching predators and, given their spectral characteristics, are likely to limit the audience and reduce the probability of detection by the predator. 
